Cellular antioxidant effects of atorvastatin in vitro and in vivo.
3-Hydroxy-3-methylglutaryl coenzyme A reductase inhibitors (statins) may exert direct effects on vascular cells and beneficially influence endothelial dysfunction. Because reactive oxygen species (ROS) may lead to vascular damage and dysfunction, we investigated the effect of atorvastatin on ROS production and the underlying mechanisms in vitro and in vivo. Cultured rat aortic vascular smooth muscle cells were incubated with 10 micromol/L atorvastatin. Angiotensin II-induced and epidermal growth factor-induced ROS production were significantly reduced by atorvastatin (dichlorofluorescein fluorescence laser microscopy). Atorvastatin downregulated mRNA expression of the NAD(P)H oxidase subunit nox1, whereas p22phox mRNA expression was not significantly altered (reverse transcription-polymerase chain reaction, Northern analysis). Membrane translocation of rac1 GTPase, which is required for the activation of NAD(P)H oxidase, was inhibited by atorvastatin (Western blot). mRNA expression of superoxide dismutase isoforms and glutathione peroxidase was not modified by atorvastatin, whereas catalase expression was upregulated at mRNA and protein levels, resulting in an increased enzymatic activity. Effects of atorvastatin on ROS production and nox1, rac1, and catalase expression were inhibited by L-mevalonate but not by 25-hydroxycholesterol. In addition, spontaneously hypertensive rats were treated with atorvastatin for 30 days. ROS production in aortic segments was significantly reduced in statin-treated rats (lucigenin chemiluminescence). Treatment with atorvastatin reduced vascular mRNA expression of p22phox and nox1 and increased aortic catalase expression. mRNA expression of superoxide dismutases, glutathione peroxidase, and NAD(P)H oxidase subunits gp91phox, p40phox, p47phox, and p67phox remained unchanged. Translocation of rac1 from the cytosol to the cell membrane was also reduced in vivo. Thus, atorvastatin exerts cellular antioxidant effects in cultured rat vascular smooth muscle cells and in the vasculature of spontaneously hypertensive rats mediated by decreased expression of essential NAD(P)H oxidase subunits and by upregulation of catalase expression. These effects of atorvastatin may contribute to the vasoprotective effects of statins.